Abstract-In this paper, we present the design and development of an integrated database system for the support of an emergency health care department. The system allows patient administration, patient record management, information exchange within the department and Ambulance vehicles management. It was designed as an addition to a previous developed system which supports emergency telemedicine. The system has passed the initial testing and verification phase and is now entering the final evaluation phase before moving into the department's daily routine.
I. INTRODUCTION
he accurate management of data interchanged within a hospital department can become a useful tool which can help experts when handling medical incidents. This can be achieved by using Information Technologies [1] . A digital environment can provide easy access to any medical information previously recorded easier and faster than any other way. It can be used in order to monitor the procedures followed in a department thus enabling the head of the department do several improvements. It can be used for statistical reasons thus helping in decision support or any research, epidemiological or public health studies.
For many years several working groups under international bodies have been working in order to cover several issues of patient medical records. A short list of the main issues and standards discussed and created can be:
Data Interchange o DICOM [2] , [3] . Concerns medical images interchange. o HL7 [2] , [4] . Electronic data interchange in health environments. o CEN TC 251 [5] . Electronic health record communication Coding of Digital data o ICD [6] . International classification of Diseases. o CPT [7] . Current Procedural Terminology. Identification o UHID [8] .Universal Healthcare Identifier. o HIN [9] . Health Industry Number. o HIBN [10] .Health Industry Bar code. Data Security o ASTM E21.21 [11] . Patient record o Prorec/Eurorec [12], [13] Having in mind all the above mentioned standards and efforts and the standard of ASTM for View of Emergency Medical care patient record [14] ; we had tried to record all the procedures of the Accidents and Emergency (ER) department of Nicosia General hospital, and create a system which will be able to support the daily routine of the department.
The Hospital is located in Nicosia which is the capital of Cyprus and the ER department is responsible for all the emergency incidents that happen in Nicosia City and the near suburbs. The department has 120000 incidents annually out of which 8000 include ambulance transportation, the rest of the incidents concern patients carried to the department either by relatives or arriving by their self for not severe cases such as minor injuries.
The department is currently being supported by a telemedicine system [15] which is installed in ambulance vehicles and is able to transmit several biosignals from a moving ambulance to the department thus enabling expert doctors instruct paramedics and ambulance personnel how to treat several cases that need specialized health care.
The proposed system will be an addition to the emergency telemedicine system. It will allow the recording of all data interchanged in the department including incident, patient records and telemedicine data.
II. METHODS
In order to complete the design and development of the system in the best possible way, we had followed a structured development approach starting from user requirements and followed by system design, system development, system verification and finally system operation and support. The procedure was performed in collaboration with the users so as to achieve the best possible results.
The following sections describe the main issues of system design and implementation.
A. Use Cases
User needs for the described system were recorded using several use cases which cover all the procedures performed in the department. Mainly the tasks performed within the ER department are:
Recording of emergency phone calls which can be: o Directly to the department. o Information might concern a patient that had a previous incident. o Information might concern statistical or managerial reasons. o Another department might request information about the patient. All cases where recorded and described using UML sequence and use case diagrams. This was able to help us cover all the parameters concerning each case and create a system that will cover each use case. Two of the use cases are presented in figures 1 & 2. Fig. 1describes the case when the operator receives an emergency call. The case starts when an emergency call is received and finishes when all data are recorded in the system. Registration of an incident means that the incident has been valuated and the proper ambulance vehicle (ambulance vehicles are marked as simple or mobile intensive care units depending on the equipment they carry) has been assigned to the incident. Fig. 2 describes the final recording of the data concerning an incidence. This includes all the information about the actions and exams performed when the patient is in the department. These exams include parameters like Blood Pressure, ECG, Pulse, Oxymetry or tests like the Glasgow scale test. In case where the patient was transferred to the department by an ambulance vehicle the incident will include extra information concerning the transfer of the patient. 
B. System Architecture
The final system architecture ( Fig. 3 ) was based on a client server model. The server is installed in the department and has the main database installed on it. The whole system is based on Microsoft Windows © (server and XP) operating systems. The main database was developed using Microsoft SQL server © while the interface of the system are windows based programs developed using Borland Delphi 7 © package. Fig. 3 . System architecture Each one of the clients is connected to the server using Wireless LAN 2.4 GHz and the TCP/IP protocol. The clients can be windows based, either pen tablet, portable or desktop PCs. The Ambulance vehicles are equipped with pen tablet PCs, when a call is registered in the system and an ambulance vehicle is assigned to that incident the unit installed it the vehicle is updated with the initial incident information (address, type of incident etc.), when the patient is transferred in the ER department the personnel uploads the completed information concerning the transportation to the main server. The rest of the information, such as treatment and exams performed in the ER department, as described in Fig. 2 is recorded to the server using the data input units of the department.
C. User Authentication
The access control to the system is being performed using several access layers. Users have been divided into the following groups:
Operator: Person responsible for emergency calls handling and patient registration, is able to register a patient by entering the demographic data and assigning an ambulance vehicle to an incident after a short medical triage. Nurse/paramedic: Person responsible for the information concerning an incident / transportation. Sister Nurse: Person which has higher access than a nurse and can see or record information concerning an incident, transportation and in department actions. Doctor: has the highest access of all the above users. Can see record information concerning an incident, but cannot change any data concerning a user. Administrator: This person has the control of the application, can lock or create a user.
No one of the users is able to see the password of another user, or delete a record. All actions performed by a user in the system are recorded in a log file for security reasons. The security of the system like login and password authentication of registered users is based on the windows security options. The procedure followed when a user is trying to access the system is being described in Fig. 4 .
D. Graphical user Interface
The Graphical User Interface of the system was developed using Borland Delhi 7 © . It was based on the forms already used in the department. This was done in order to help users when moving from paper to digital input. The interface was initially developed as a prototype, presented to the users and finally it was developed and finished according to the users' corrections.
Fig. 5. Phone call registration form
A typical form of the system can be seen in Fig. 5 . This is the form used by the operator when recording a new phone call incident. The operator records the needed information so as to be able to identify the type of an incident and send the proper ambulance vehicle to the incident place. This information is automatically uploaded to the ambulance pc so as to have the rest of the information concerning the transportation from the crew of the ambulance vehicle. When a patient arrives (transferred by ambulance or by himself) in the ER department, several exams (Blood Pressure, ECG, Pulse, Oxymetry, tests like the Glasgow scale test, external traumas of the patient etc.) are performed in order to have an accurate diagnosis. All this information is recorded to the system using the data input units located in the department. The patient might have an ambulance transportation or not as mentioned in the use cases section. A typical form that helps users in recording traumas of a patient is shown in Fig. 6 .
In cases where during the transportation telemedicine was used all data collected are assigned to the incident and can be used for future reference. These data are biosignals (ECG, Blood Pressure, Pulse, and Oxygen Saturation) and still images of the patient.
III. RESULTS
The final system presented in this study intents to help doctors and other paramedical personnel of an emergency health care department, during their daily routine. It is able to support all the procedures performed within the department.
In order to test the performance of the system a short scale network was established and several use case scenarios similar to the daily routine scenarios where created. The performance of the system was tested by checking the accuracy of all the recorded data and the speed that these data can get recorded. The use case scenarios for which the system has been tested are: 1. Emergency phone call directly to the ER department or from the central call center: a. The operator records information concerning the caller's id, the type of the incident and the place of the incident. b. The operator decides which ambulance vehicle will be sent to the incident place. c. Information is sent to the pen tablet pc of the ambulance vehicle. d. The ambulance vehicle is at the incident. e. Personnel handles the incident and transport the patient to the ER department. f. Information concerning the transportation is recorded to the pen tablet pc of the ambulance vehicle. g. When the vehicle and the patient are back to the unit, information from the ambulance pc is transferred to the main server of the system. 2. An emergency incident is treated in the ER department: a. ER Personnel handles the incident and carry out all necessary exams and records the information to the main server of the system. 3. An unauthorized or a locked user is trying to login in the system: a. The system must deny access 4. The administrator creates or changes information concerning a user. 5. Head of department requests statistical results concerning the department. 6. Doctor requests information about a patient
The system was tested using the above scenarios for 100 demo cases. Based on the results, all initial bugs where corrected thus ensuring the accuracy of the data saved during usage.
IV. CONCLUSIONS
Through this study an integrated database system for the support of an Emergency health care unit has been created. The design and development of the system was performed in collaboration with the users in order to cover all their needs in the best possible way and create a system that will have the potential to be used by them. The system will enable experts to have an accurate record of patients involved in emergency situations thus improving the quality of health care provided to a patient after the emergency incident. The system passed the initial evaluation phase and is now entering the final stage where it will be initially tested on a short scale of cases in order to prove the usefulness in daily medical practice and management of the ER department. A web interface is currently being developed for the same system while several information exchange issues, like importing medical images in the system and sending information to other systems using the HL7 protocol are under consideration.
